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AT, FATHEAT T84 M BB Tl 25 © RSB B A s S rbT, 3%
ZHfr 7B F| 72B 2 [HIAGRL, KA 16K B 128K FRic 2 BIAF A, DAKRRBFEAE O % Fi
05 %  JIHIT L. T SL B AR, B P SETa T OUA Ik, vl ol et %
R T P LS IUAN AT R e FORE U T UGB . 36 40 0y v T A 5
Jrlb): RRGALAG R (BT o EAIAHT ) . EERERET (B R SOHE) . BER
BURAMI (B EER) Al KV AR (WEme BT 3Tk, Rl
I CHLL I R IR, S SRR, TR
S U AN [

BT HATTEAL, FRATEEB T — 4 H 9 M BN SUESHEEENE, B RFG i X
BN Z AR MR R S . XS R IR R AT 45 2T (AR B 2 BRER RN
HRES), PR ARME (GMEERES) 2k, PARKSHRIERNFIIKE. Snii T
YRS T X SeE I s M, R EA TR ) A 20 A 35 520 (Chenef all, D074,
Canefall, D074) . 7 28R (Rappurkar et all, POTR; Pang et all, Z077; [I'seng et all, PUTA)
, BATBIA T ET HIRTE T BB B B S APk AT 55 . X 2EKh ST 1 41 RULER
(Hsiehef all, D074) S5 EE , 58 IS AZ OB e AR i T N P o ] 68 To v HE T H AR5
FIVERE . FRATHAE Sl it AE— AT B SEAH 58 4 n] $5 00 B AR5 5 35 T S0 Ak axX 28420
FoRE, MR TiX—ZE0E . FrA X SEIRA A AL AR D 2 B 45 A ke (g B ik ) 7 -

RQI: FE45E & T BRI 0L T, 2B/ ER R, B — K LA T
G IEEL? (19847 T isoFLOPS 704, ABLE R T IPAIKIE . W14, o
R B 2 IR AT AR S 2 TR RE s W T RFH, AW MR R BC B A TH
J¥&—FLOPS [ 2CHIHT o

RQ2: fEGLTF EARIEEUE R I PERE S R ARG OL T, AT AT AR Btk b v B AT 4 7%
JE? R T — i, BADT R T —AGETIARERL, FABLT To 2011 XU i (Angelopoulod
etall, D022) . FATVKH, WHGOLT , FEMRRD ISR ORI T B AU AGIAY , m] DASC B 13
AR SR, SRR AR S T Ry IR rh SRR st Rt
FERZHACEF 2D MEFFRITERE TR

RQ3: S A AFAE— i 7 IA 1T AEZ FEAL I P ST 55 AR AR BT FRATT X444
B (BUETCRIMES ) FIS [ SR AL 55 2 ARG . FRATAE, B —FRiiiE
BT RERSTEAS A [l B P AT 55 FR I R B S, BRAR O A B (82 DA S U532 15 B
A L E B R BT BAR AT 55 R BL

RQ4: FRATTREAT 37 s B Y 5% 7 1) 4 il ) (Rrown ef all, PO70; Kaplan et all, Z020; Hoffmann
Bfall, 2022) , X SEyk U a] AE 23R AT 125 JETE Rl Z AN BCE ? 24HERRBIE AN, A B Ek
P FE LR, FRATT AT DA 3 — 87 B B B R n SE M TN E AT e, XA BBk
T IRAVEE Rk M

SR E, FRATRWFIE SR SR R A i 2 7 o 3 5 R 280 5 B B A 3 o 4K 7 91 1) g
J3, [R5 Y X T BTG BEAT A AN VT AR, R B T AR U YRR . RATTHE
https://github.com/PiotrNawrot/sparse-trontier &1 T A THICHS,

2 RNZEHRGTER

i — At ASEIARIE X € RV YUK IR 0 | BAEIEN dugaa RS

B S M A B B #6300, AT FeR: Q = XWO K = XIWR v = XwV | St

W WY € R R, o SEVERRO I AT, RN
MEEK.

TR JREEE @ ADARCE i T RO E R, P E R R R A €
R & LR #Eif)-E (QK) 2.

(D

T
A; = softmax <Q1K )

Vv dhead
AR TS, O = T, AyVy , G 0 € R,
TR KX 5, RTINS ACK T I 4 (Vuan efall, DO2S) , E4F%

%Mﬁ (Nawrof ef all, 2074) ——X P& a3 YEIR T Tk 8 5t i, I ELAG 20 3l AR A 11 254
RA-.
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https://github.com/PiotrNawrot/sparse-frontier

T Transformer {4 SCAA: B AE WA [|] B BEEATHRAE , B M BEEA AR TR A
SRR JIHLE] -

PR T R — R AL B AN iy A S, IF AT R T A bR R R R . XSl Tt H
Equation (W) W52 8832 S14E 4 A T S 20T e 9K BE B~ T A 2R

ST AL U A B R ARIC , — VYR —ARIC. B TR NP B A — DA, BreA
R EACF IR E FIRANERY, (B A7 A 3 22 R AN s e (KV) X
PR Y 8 AU )

Wl A e, COTEEIR-EARC B —A T4, Mg o E T A AR L1t 55
U Yl A FE I 1) 3T BB T B RT AEA B 1R ) N AL S oK

B 2 ) 5 SRR T W R AE A1 2907 TR A RO A S B SR AR A T =il i
B, € SCHRITERER I oT (BN, #eif--fac ) B 545 s P AR o m
Eﬁmﬁzw,u&&%w,%X%lﬂgwo%w,%mE:ONm?%%&%ﬁ,ﬁ*
EﬁT%ﬁﬁﬁk%ﬁE,W%ﬁﬁ=09%%%ﬁT9mwm£E,Mﬁ%ﬁJOXWE%

AR BA B TN GRS 7 ik AR WAL A 4R Mgk . B
PERGT BRI MKV AP B . ATHERR G 77 7% (Wang etall, 2074; Nawrof ef all,
2024) , BT e S AR AR R . A BBy nl A R RAE 22

2.1 Haiftiioc

ML RE )07 ¥R BB K ATE T E 190 Rl PR B 0 RO A PR B0 3 DL I B e e 3 )
PR 11 (RS20 o FL R TR X3 ) L G 91 (2R ml T i A #2309 tokens ) . ARk (A
AL E ALY tokens ), PAKH (VERAEIERI I E R/ X B, B4 64 x 64 [ tokens) .
BRI S5 A4 A BTG AN B i 11 30 5 B A 1) AT SR e SR (B e RO /N LT
W) PR B A AT AR RE . HORS A

SETHe P e B LR AT (L A 2 ) . FEBULACI RS, YL 68 R s 45—
S YERE /T . Minference HOFRER LB (Tang etall, D024) b A1 kg A i) A e | A—
YLah AP He. 7EMRISIEE, Quest (Tang etall, P07d) I InfLLM (Xiao ef all, D0D4) 4f KV
AT BRI TURT, I 0 0 S R P h g — A T4

T AHOEIR A T 5% RS ATER B, PR 777, 1 LM-Infinite (Han
B all, 2024) il StreamingLLM (Xiao erall, C0248) , FJH T J5iahi 1, A4 Rdt 2oy
WIZRAFIE, BRERR AR A M. FeHi B R Jr ¥ 7T, Tri-shape (Lietall, DOXSH) )iy
BEERCRAN T AL ), 17 SnapKV (Lietal, DOZAR) 5] A T A Hes# 60 £ 5. Minference
(Viang et arl, 023) {ERCHER 1, 3IA T RHSE 102 AME R REEIOX AT ©

2.2 HYEALTE

o T E PR VIR LA S BT, R DA [ E AP A G Y B AR
KGNV IEEAL BN ZS . FERUR S AR, EABEN AR AT K, sl
A DA G AR BRI i, (LR AN TR R ) i %

T T B AR E B ERE S, DIEERTA M A L R 1247, StreamingLLM (Xiaoef all, PO74R)
LM-Infinite (Han_efall, P0174) £l MoA (Fuefall, P024) ffi EWIIAFRIC (RS FUiE) HEE
AR sl 1 SERE

WA B R AT QK B0 (FRic . HRexf k) M Br:, PMUGR B SR il k 4>,
M I RACE R -5 R, eI SR a8 AN, B ERIEE4EE (?) ik
AR 7344 [SparQ, Quest;][] Ribar2023SparQAB, Tang2024QuestQS B Heg i fb 14
037N (Jang et all, P074) , — 287y XA if) 4T+ R #f (SampleAttention; ?) , AR E|Hilr
HEE A B BE E A Hb e /R KV By S, U1 Minference [1) Vertical-Slash #2 (Jiang
Bfall, 2024) 1 SnapKV (Liefall, D074R) . {EMEGLART, KBz 7 F9(E (H20; ?) SR
20 (TOVA; ) IR ATER 1080515 KV TR sk, PR L% 18 ] B2 5 i
R IINERRIC. —Sr g GBS fsbswia &=, g (Devofo efall, D074)

AR, N T AT X SR A LTRSS, Minference 53X 2EXT £ A T 64(E64
Be, WA RITE R - SR ER R .
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B {H (VATP; ?) § il u e, AREl— MR c A st o T HE B i A E A0, X
FEJ7RE I R 2 o

2.3 PR

MBI B BT H B = A B LE R I AR 20 F A 7 1 B4 19 0 A AR 28 ) A [

ézgfﬁ @( WUEALER) Z BB, X ¥0 B ) 48— B fay bR A 1 38 8 38 B g [a) ) &
A -

29 3 B AR A Sk B 2 T AH R B0 1) tokens B, 5 411 [] Block-Sparse y1 7% (Jiang et all,

v024) 1 SnapKV (Liefall, DO74R) . EIRXFALETT R EHEF R, HE 2 TH AR 2

N %iﬁ‘ REAHERG PER ST AH R, HYE R A A R B 2 A0 M B P (Zhang et all,

pO74) .

1  PyramidKV (Catefall, 2074) Al PyramidInfer (Yang et all, 2024R) 55 [ 15 R J5 JA L2 £ 1
IR MR BE R SR L A i kb, X R LR SR R ORI . [AIRE,
BER IR A (MoA; ?) flJH—Bir e i RIT Y H 2h PSR B AR o LA 2 70 i 4 Je i B
P LR AL, Ada-KV (Feng etall, P024) sl Po A 2 AT AT (k x h) 4> token
(HCrr b2k iR ) RS R R, BOH LS AT RO, DA S B Sk ff
PR B, TN R SR K A T R B

FT ALY A A U T i RAG T SE A TE T i 4R A BR ) < i 4 Twilight
(Cinefall, P075) ., FlexPrefill (Caiefall, DO23) | Tactic (Zhuefall, P07S) ] SampleAttention (Zhii
Bf all, D024) 8577 @ B a BUfE (BN, i gk s A E AN 95 %), I A~ 3kils)
BT TR ICECR AR LE B, Fot, RILE A8 (Eh) WS E SR &l
FESE AR LB, 1 H A RBUHE 1 LR RE B /D7) tokens. X867 R & —
ANTRELSE, A TRDR AR o 5 B ) AR A 5 DL B A B 1 (Chencefall, D074)

24 KV A

DM RRGRIE 17 IR i R AR E W S AT IR KV A7 B AGAL B, SXHE 2 PN 77 BR A1 11 f )
BrEE N Kb . BmARTURSE J: 252 an T S R T], (HARAD PERE 3 2 B A 5 1)
W RARCH KV ZeA7 s WA BRI o T AR 4 0 00 5 ) D ¥k o A o 3 S ek g ke
XS, T A A A SR EURE 22 18] R AR AU -

— PRSI K KV 27z, K2l H20 (Zhang et all, P073) 5} SnapK'V (Liefall, 2024K)
WO IR BT AT I R AN A G A7 25 Fe s I Bic sl Bk . X B T INAT S
TR A2 i A, RIS [ 5 F) P 77 BRI P DAAR BRI B P81 A ] RS 1o Al 1) ]
o IR, EFTTEAEE T (5 RIS, POAIIER Z3Ep0bmico e A o A A s, g
VWA . AR TR IRE ML I 2 A PR, N B SARC R AR AL P R P AT DA
FAAL, FRARAE BRSO AR (Ciefall, DO2SH)

af, HAITIR GRS KV GAy, R E A B TR A et U A A
WAELR KV RALALTIHR., Quest (Tang et all, 2024) A1 SparQ (Ribar ef all, 2024) g iX f /5 ik
A1 B IRIK L IRl RES R T VA TR R B B Es M (Bildn, vOmi2) 5 A D
AT, (e i R VE BT A (5 SR . 0 # e I TRERS LR T4
WA RSO N A ROstT, A BTSRRI GA AR B (N A7 K

3 el

FAIAE Qwen 2.5 B FEF75CH (7B, 14B, 32B, 72B 240) , kWA E N T ARG
WFER IR/ 5 P 5K AL S5 RRPE AR BRI T 52 . Qwen 2.5 kit Sz 128k
W BT SCKEE, FHfe it — i J5 SR I 2 A 20 FSE AL R/ IN———J000F 42 il ) 4 ik 5 o
VEEKRER, WATHBEC TR LS, RE A A, 4 bfle KR vLLM
FEPRS [ . AR BRTE R R S A7E Appendix B

3.1 MgilE itk

TNV T — R IVFRGE R 07k, FATERFEX LT A NS O 3 P iR Y ¢ g 4
WREES . BOTEETWARITIE, PSRN T AE Sk A [ 5 AR H A
RIS R I 3532 B ELAVE: (Liefall, DO2SK) © SEHE81 K f/RAE Table D .
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Method | Unit Budget KV Cache Management

verticals and slashes  uniform N/A

= Vertical-Slash (Jiang et all, 2024

“é FlexPrefill (Carefall, DO75) verticals and slashes  threshold-based N/A

A Block-Sparse (Jiang et all, 2074) | blocks uniform N/A

8 SnapKV (Ciefall, Z074H) tokens uniform Eviction

§ Ada-SnapKV (Feng etall, 2024) | tokens adaptive Eviction
A  Quest (Tang et all, P024) pages uniform Full Cache

Table 1: FEFATHY LI, X N AR BT ) 7 IR T T G BN i, X 2805954
HIG, BRI KV A7 B AR T [ 3 .

32 1%

AT T 9 AT IS, X LATS5 BAESRMNTE 3 A MY BN [R AL, X LU
BN RS AR BTE B IR : AR MEE R iU (e (25 B ROMERE) FNER (F
PALPRAE R ) € X (Goldman efall, 2024) ——PA RS &M (1 28R F 5 S8R ) -
XA YE T IR B B T i i A8, BRI A E AN AT 55 KA h A A6
FATSS T H R PRy, BTSSRI 21070, XX Fg 7 ik i Ak
fME (Cicefall, D025d; Chen ef all, D024 Ciefall, DOSH) , HARMEEHRETE, HHEHF
(LTS A & LS5 5 B ARG S A &7 AR AR IC SR 701 (Cincetall, D024) , [H
I, FATWAE S B 5 M RULER F i rhge HUr) DU T AZ 0T 45 (Hsieh efall, 2024) R
(NIAH), L (VT), %A (CWE) AME (SQUAD) —— DU (bE i i
RS (FZR G ). FATENTE T AIA JEE T P4k Aris G RS B/ NI H 98 SCARATE 55 (LA
sfall, 20744d) , B B QuALITY F1 TOEFL (f)a1%; SR, X282 RA80%E . K7L E AT
%o B, FATASGIAT =AFES (dia®R. 28k, i) VAR RULER R8T
% (HATR AU SR ) SOl T B ARV AR, TR A BUSCHt R B . 30120
SRR ZE X RCPEAT 55, D IO F b AN i 5 (Wen'efall, 2024; Yeef all, 2024)
e LT g BB RS b AT S, MBI PSR ERPE . CEE TR (ToU)
FELIES (3950 0 2] 1 {5 SHEAPREIRITA . X S8(T 559 45 7F Table B | TEARHEIATE
Appendix B2 77, SEfi| 7R fE Appendix O .

Task Name Description Dispersion  Scope  Natural

QA (SQuAD) Open-ended QA on a specified document Low Low v
among distractors

QA (QuALITY, TOEFL) Multiple-choice QA on a specified docu- Low Low v
ment among distractors

Ruler NIAH Extract 4 values for specified keys among Low Low X
many distractor key-value pairs

Ruler VT Identify variables that resolve to a specific High Low X
value via chained assignments

Ruler CWE Identify the 10 most frequent words from a Low High X
list with distractors

Story Retrieval Answer 16 factoid-style questions about spe- Low Low v
cific chapters in a long narrative

Story Multi-hop Identify the item acquired immediately be- High Low v
fore a target item across chapters

Story Filtering Identify chapters where no item purchases Low High v

occurred in a long narrative

Table 2: 9 MEfHIFES I ML QA (F & TIA HEESE——SQuAD (Rajpurkar et all, PUTR)
. QuALITY (Pang et al], 2022) . TOEFL (Iseng et all, 2016) ——ifif NIAH. VT £ CWE |3k
| RULER SEHENi{ Hsieh efall (2023) . FI R =4 (BedasL. ZtAdag) R®A185T
WA FATH B FETRUEOR A5 RULER (L5 MR 32 RE, (HAE B RSCAR kil X
THMES, ARV EERA SRR (FEMEAERL) . KEUVINERE (WEE
BEK), ARERET BARCAEZ AN .

FATPEAL T B K BE R 16k, 32k, 64k FI 128k FRiCifEoL, B ANECE G 100 MREA, TR
TIPPAL TAESS . ARBOR/IN, P8R EERARR B B T a A, M 1 x E] 20 x [§[E e
JEAEL E, HRIETEAL e S RE . AT AR AREAIE 2] B bR KAmiC K JE ) 95-100 % |
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Sequence Length: 32768

Sequence Length: 128000

-20.0
® Qwen7B “0 * ® Qwen7B
0 ®  Qwen 14B R ®  Qwen 14B 175
7 4 Qwen32B N 4 Qwen32B :
¢  Qwen72B ,‘ ¢  Qwen72B
y R R -15.0
0.6 * s °
L e wt g
s N sandh 4 125 £
@ ' - =
805 4 %
g A 100 3
é PG I g*
£ ° =]
5 04 coe 75 S
~ ' -
L]
- -5.0
0.3
L]
e’ 25
0.2 .
W ~ 0O (i8] w Y = NN ) [iS] w £ 0o [3S] w B a2
X X X X X X X X X X X X X X X X X XX X X X X X X
S 55355 S oS 5.5 o555 S S o 535550 S S 5. 53535
¥ EERE b AR S b A ] E 5 3 3 &5
Total FLOPS (log scale) Total FLOPS (log scale)
S TS
(2) 1 J1} 3 AR Y 35 7S TsoFLOPS 43477 .
Sequence Length: 32768 Sequence Length: 128000
-20.0
® Qwen7B é e o ® Qwen7B
0.7 ® Qwen 14B TTTEy ® Qwen 14B 175
A Qwen32B 4 A Qwen32B :
4 Qwen72B 4  Qwen72B P S e d
0.6 -15.0
EEEE g
A-A AA A A o
£ H / g
S 0.5 -125 &
%] =
3 L L L .%
2 04 oot ¥ -10.0 3
£ y g.
£ 15
G 03 -75 0 O
=%} o
é .
0.2 . -5.0
i ]
L]
0.1 -2.5
[}
8] w A U N o 8] S w A U a0 8] w2 B w»m
X X X X X X X X X X X X X X X XX X X X X
=R S o 5. 5ooo. = S S5 55555 S 5 5.5

Total FLOPS (log scale)
(b) fif ] Quest B ffEE H1 IsoFLOPS 4347

Figure 1: X tEAEA R AN N LB R Y FLOPS PERE, X@FHIKE . BRI/ NIRRT
SIETRREL, TS 4 MRS (Bie) RIS R mk 20 x (B ). PERERSMTERT A
9 WLS AT T R FEE, AR T WAFSIKE—32k (4£) M128k (f7), PA
L BB () F@ (F). SR, fAfE— AL, BIYE—A> KR 751
KIEZJG (AT Qwen RINIALY 32-64k MRic), m Bt R AR AL EAT [F] ) FLOPS
PR TR AR BN B PR RE . A R FATAT AT FLOPS AY40y, s &
T BRI G EAS, W2 UL Appendix D .

Total FLOPS (log scale)

PG PRI BEXT P RE A4 52 i fe e — 1 LAl (2023) FyEERlE, FRATR
MaHr R (I Appendix B ), SAIRSTESS th iR A F 5 2 il 1 S8 Ak i AP

4 #iR
41 %% FLOPS 5pHi

BTSN 1 EAERTTRIAT, 2N RAREEEE /M, e R4
LT RE N WAl iPN e
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7B 14B 32B 72B

Vertical-Slash Quest
=
2
= 20
=]
&
&
j°)
[a)
=15
=]
=
2
=
210
2
2
2
g
S s
®
<
=
16384 32768 65536 128000 16384 32768 65536 128000
Sequence Length Sequence Length

Figure 2: 7R FIMBIAIEL (Hit) AUFIIKE (xB) T, FAGITREERIRE R
KR4I (y #l) . T SRE MRS, KPR RS M R R RS0, AR
Wide, ZePE: BT EARIA . A MRTIN Quest Bk, BTG ML -
REMS 22 L E 72 00 S IO R4 L, R BB B A B w4 L T R AR R B . 2R
I, J}?ﬁl‘@ﬂﬁ%ﬁﬁ%&"*’l\ﬁ%, HarZ B KEGLT 5 < (ME—1Bilsh 2 72B
Quest)

Figure O i 45 58 LU TR 9 BE R 32k Fl 128k ARic i, AN [RIBLELR /NI 45 HE AT 55
Pa¥ERE S FLOPS. ? FAT MRS 741K BEAEHER PE-FLOPS AUM A B 0 .

X TR N 3C (32K tokens; [ 72 I B Ze ), REFAN--FRB AL A AL T ISR
FERIHT . AEXPFFOLT , R AR M RE HE A ISR A/ NEE A AT R S A A PERE . X2 i T
TERFFA, JEER A (A MLP Mgl 2) £5 TR M (200 Appendix D
FRIERE) o SN E AR5 20 X, FRA DA R BB R /N FLOPS Ji Fil7E XA
SR BE NI 2L RIMER KA ], RO/ NE I —f (B4, 14B XH 7B) #if
S S B/ VB F MLP AR 2 ) L B AR

TERR I ER3C (128k ARic) o, RS AR T BB, SR IRtk i) S M AL i 5
IR . & A A5 A0 OB 4350, SRRV s v B G IR B AT R, #7817 — PR
A ARV TURTS , BORRIR BB R/ A X TR S, BAT
5-15 x 48 ORI R R HRIR A, TARLE BAT 20 x 4R UG T iR AR o 1
RGP X e P R B S A, R 20 x e e th R M

ARG R L (4 SR, FRAT T A B [ B () A A B S R A T o
) Quest BixCHEATARRG S, PEREXTFRE MK R 1 B8 1 SR B 2 UIAH ¢ . Qwen 7B 715
FE4E T 280 B R PEBE R, 32k tokens B AL 40 % (0.4 %% 0.24), 128k tokens Hif M 79
% (0.29 &% 0.06), XEFHEARLE 20 x FEGASARM LR ISR M2, BRAGHE
A (32B, 72B) FEEAAMIYERE T HERERORGE , HPETE 20 x R4 T, PERERIAY MR
KT 0.05, PR TR BEARWAT R, FEIraRAE Y, F% R s 6] i
REZE MR PRHFA T —2 (0.1 F] 0.15),

4.2 HATPEREDRUER 5 KR Pk

RQ2: AEMERUEVERECR B (iR s 2 2 7

N T REVGAAL S5 n 2 KR GE, AER MR NF S K Z AT, HRF
TG, X HR R S CHOT I (35 BB L PG P REUEA T B RS Weleh’s t 455 . S KA L
PSR IRTER IS R B W e gk, KPPl p <005, B

TR AT T T, IO Quest BEABEFT AR R ALIRIX AL, P Ay ik SR
TEA A TR B P2 R Bl (1 (UL Section B3 ).,

TR Welch G, PN BB HER Z [ 7 2], IF HEATTH GO M RE R
BE T BAIER T IERERENLI B R (55 46y, BIMIRT B 0.05 I4lr .
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Figure B 4755 T HU SRR I RO R FBGR . XEF-( 1) Vertical-Slash fFiisE, FefiI0L%
ST/, AR R TR A BRI I AOH . 7ET AT 790 K |, b
FERSIT 45 P B9 T DASEUREE 10 x [RIESE, MIMERRNEA B . PobniiEss (20 7) %
L4 25 2B AEAT 5 AT B 2 57

FEMH] Quest IEATARRGIN), BRI/ — RN R . FsL b, 7B BRI s g ]
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4.3 ARG R IERE R
RQ3: AL PUIEIT B HERY T IRAERS P FPSIAE 55 FP I AR B 7

e Figure B w1, FRATT DA ST G 4 0L FE 4G 75 AT 55 45 5 A ALE A0ART 5 T S8 R A 1) o 1) 45 R i AL
BEAXAHEAEH] . FRATTESBIMIEAT 55 F740E, AAAEM] RS, XAEFRATHY IR 58 P Py
ANEE X Y (REYIRZ 0 EF) MaslE (HXEEMAHREE) . 30715 R
P X LEAT 55 FFAE (Section B3 M and ?? ) HHEPEREE TS, RGBT IR =) T 2 Tid R & 1)
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ection o

4.3.1 KFRAESIRI (KRS, 1%58)

¥322114 (QuUALITY. SQuAD. TOEFL. Ruler NIAH. #EFk:22) M4 S 290 B/ HA> S
%, WHFEMN TP REE S, X ST 45, MBSk Bos B —
B B ERE S E SR E A . b, A ESdESE (QUALITY.
SQuUAD. TOEFL) HIfiE 20 x {45 i 1 BE AR5 SR /KPR MER L. Ruler NIAH (4 /M5
W) X RUE TS VR s R R, T TS vk R S R M, e R (16
AAIR)) FERR Quest PAAMY FIFE iR 7 N B HIR A .

TERGBRAC I B B HEAT LU, X T 2R B4 token (5% (Vertical-Slash, FlexPrefill,
SnapKV Fl Ada-SnapKV) , 74 16 MEMAEFR RIS T, MEREMEE R4 LA E T %
X— P4 2 Bl i [Yang et al] (20246) fI Chen ef all (2024) AF553d. 33X $6 07 ¥kl 1o %) 25 i)
tokens T4 [ fVERE S 0 BOHAT P R VAL B token WY EZEME; SR, U&EMHEZ HATH
BRI R R I, XA S B A X

XM ARG R TT , FoA TR 2 TR SR ARRD Z [ AT R 2255 . TEBUHSEINIE], B TP
A RHERRE] (ELH T RCRE A R B ), IFEAE L B RIS PRI E. W, €
WAL BRI R B (RTRE LS 2N /), XA BB S B 20 7 BUE R 2 [H) s 2 A
AEE AR BB I B BEA TN LR, SRR 2 IR SR R, A
e AR, AR ZR ] B BT AR IE AL I RN T AT AR

FHZTR, BRI Quest g e i Iy ME——Fh e SeF A 2R P 4l R SR PERE Y T
5, BIVREALE 20 x IRGR IR DL T « AN[A] T Block-Sparse, Quest Sy~ B i A if fic ped ¢
SEPMCAYE, fefit T R R RIEE. SR, RUETESER R PRI @, Quest 7E Ruler
NIAH EfPERERE R AR 2t R Fe, KI5 8095 T Ada-SnapKV., X FfiB{Ln] PAJH AT Ruler
NIAH L35 & ERT, %A 55 2R BENLATS PR AL, SR 2 IRJZ A X 3
5 A RTE S (Cuiefall, 20248) §) KRR A . X PRAEZ R0 T Ada-SnapKV
1 Quest R A KAMCLIIBE ST, 1M Quest fhy T HFMIKLEE 52 B 08— YA FI 0 o

X BT RSz R SO G BRSPS B AE S (B, e 3 R s A
£55, WA CWE Il VT, S gEfIZ BT 55 ), JPT53E (ARAMET T IAM Quest) 4%
St TR/ IR BN, PG IELERRR VT AR5 P DA 4 405 (5-10 x )
PUREHLORFF T B PERE , T AT YA B BEAE RO NE AR (3 x ) IPRRELRE . [A]
FE, FEMRSIEAE T, Quest FEAR R CWE LS5 H B E fREF R TERE . AT N X LELE R T 5
SACPIT IIRAZE S0 XTRFRALSS , RS 0 A1 58 e Je i o 1R o 2 i b
X TR R A B RIAT 55, SRR AT ), R A 2 RS IR
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R? Parameters
€ dQa ORuler Ostory a &) v
SQuAD TOEFL ‘ CWE NIAH VT ‘ Filt. Mult. Retr.
= Sequence Length 0.74 | -16.92 0.27 0.80 0.76 1467 -1.60 | -3.55 -3.21 143 | 131 -1.15 -1.00
<§ Model Size 0.64 | -18.10 0.20 0.73 | -0.42 1051 -1.63 | -442 -3.74 046 | 1.58 -1.58 -0.83
&  Compression Ratio 0.72 | -18.08 0.24 0.79 040 1362 -1.54 | -3.65 -355 1.17 | 151 -1.51 -0.73
2  Sequence Length 0.64 | -28.82 0.35 0.72 0.54 12.18 -0.85 | -298 -2.87 232|172 -097 -0.94
S Model Size 0.57 | -35.57 0.32 0.60 | -0.53 845 -0.89 | -3.88 -344 131|225 -145 -0.81
E Compression Ratio  0.64 | -26.89 0.31 0.66 0.26 11.37 -090 | -3.19 -340 1.78 | 1.81 -1.38 -0.82

Table 3: R? i B 1A A b v FIF AT 4 O RO TE T S48

MER R I Xt 2z (MAE) o AT BN TPAL 45 5% DA Spearman A 3¢ R 44 p 15
Table B 1 i 7%, Ff A MAE 7£ Table @ /11 Appendix C3 g7 .

QA Ruler Story
Quality SQuAD TOEFL | CWE NIAH VT Filtering Multi-hop  Retrieval
= Sequence Length I3* 197 18 * 86* .87~ 86* | 90* 34 82"
% Model Size .68 * 5% .60 * 85*  56* .68* | .89~ 90 * 85*
&  Compression Ratio | .77 * 87 .63 * 5% 82% 40 19 38 .65 *
&  Sequence Length 5% 81* .69 * 93* 84~ S54* | .67* 50 * 92
S Model Size a7+ 49~ 31 92* 52* B4* | 84~ .89 * 81~
&  Compression Ratio | .88 * 91* .87* 97* 5% 92* | 96~ .59 93 *

Table 4: H 57 R 24 K ZEU p HATSAERG AR RH P, BB/, E40L) fie
j:ELE%;£%§?%?E$DﬁEE%) Z (B B SN FIN vEf 2 Ta] . FRATTARICAE p < 0.05 B HASIT R
E N TP ElyS N

BT Table B, AT BT A HOE HE AT LA TS SCHEBTIGHT L & (9 Rl PROM
S BE AN LI BB [A) A AH S i B AR o AR, TR IRAT — U AT MR 5 R LAY
GOt RENE. BREMEERNRE, TEFZPMES P, UNBREGR (EMABBIR) 57
IR (FEBUEGEHIND) W, FATHEHR RSN

5 5B

FATBIFLIERT T34 0 Ik S MR BE RO iR bR, WA T — R IR (IR
B 72B) . FAIRIE (IRZik 128K) MIFRHIKF- (FRiik 95 %) #5890 NAF K FIE
%o MK, (E3F FLOPS MATIE LT, HA R g P RS L L /g S A
BARL, JUHARXT TR P 1% A DU W SR R 1) 25 5 i R LA 4 A2 A
DA RAL PR 5

AR IR, ARG RS SR R T B R B T JE R
(1015 x ), FERRRITRL Pt 4 2o BB AT K. AT, cR i R R A T B
B RN RN, BN AR RORR L (DI, 5 RFEL) At
AU S AT LS AR T, O R TR
AT AEA LA E  | APERE T B PSRRI N s Rt . ORI 5 T e
RN T A RN LT A TP B, W B S R AR DR, WL
HAE AL, R B ARG A , He B TR RO B T o . Ak
TSI U 6 1 REABE B AT 55 TR MBS TR EHLA , PR DL R 25 A M AT

AT RS, TN DA B OB S AT AR RS I B, 36 3ok 58 2R A1 S AR J3E b e 6 7
RH, HREAREEY . FETIETHEL, BEmRS (Flandek ok i/atek) BT
S5l , ANAZZ AR 2 BRI S 3aS o 2 . e e, TORIZY Quest i@ id
PREA KV 740, bt 1 e A U [R] R4 2 O 1T 3 SR PERE T I e BL AL . AR
RS AL L 1 7 YR S R B W R T lAS, (BT A AT 55 FoR 6B D) (AN 7g
ﬁ%@Z%gﬁ&%Zﬁ%%ﬁ%%Kﬁ%:%%ﬁiﬁﬁﬁﬁ&%ﬁﬂﬂ%%%ﬁ%%*
(NZEREpERi A

i, FMIPIFTE M A T R ATEA N, X SR AR I A bt siar,
FWIILEE B #2502 B i O B AT 3 X 48 DL 3 I Rt v 78 ) A RFAE R —
HLLM Bty rh R SR A, S 2R B T RIS ST e Rl b PEsi iy AT 3.
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ff) QA HCHife (Liefall, 024a) : QuALITY (Pang et all, 022) F1l ToeflQA (I'Seng etall, P0T6) .

17

www.xueshuxiangzi.com



AN —+— Min V&S Budget = 128
042 ~ Min V&S Budget =256
z ) —+— Min V&S Budget =512

4 6 8 10 2 4 6 8 10

Figure 8: SnapKV/Ada-SnapKV {5 1. Figure 9: SnapKV/Ada-SnapKV 4% K/)N.

FATEM TR B RULER B =G M AE S5 o

AT 55 (R P A R 2 5 BUA, FEE P LRI T g BB R ag i — 4>
BEIRAT . WYL 5 . #2174 Appendix B DA T R HIAGA .

o WRFRER WIS TR E B RY 16 NFESCHE RS (BIAn, PiF R, RIS
fitr), DR G T 555 1D Sl IS B DL RO HERR R A TP AL . SRR E R, A
AR AT B RFAE . W Appendix GES

o BT UE: PRI S AVERE R, KRR PO R AT RIS . SR R 2
REEPEX =AFT ID, A ERUA, DA ORIERA — D FAT G A . T
IoU #EATIFAl . TEAGA AT, ZORMHE (FERETETR) (HiuHE
(bR T AT ) o FATRI, HMERX TP oA, XTS5 2
HAPRIER . 2L Appendix 66 .

s MEFEZH: S D HEBY, R B BIASRIYI, X EAES  EY
W52 5 Dy S P EATHE R . AR BE D, AT SIS — i XRHESS
AN E L HARY) R A R 57T, A ET— 3T PRI m A k. AT,
R Je 0 PEAL R i R I 5, X AR RIS L2 AR A R AR, kA T3
ATV B TR AR UK (BRI, 52 [0 99 Y PR Ay o BRI ) o (0TS 0 PC R TE A
PEIEATIPAL . TR IRERBUA R AP S, BOREMEE (M3 5 T RERHIE S ) 1
IR CUARFER S XA EE) . i#§250 Appendix G2 .

B REFUISEMEE
WUBLE TS B e BB RE 5 A R N R Z RIB KR, BIAIAIAUR )N L I Gt A4 2
PG, 0 Cierall (20258) S ibFeiAEE, LT IE 53 SRR RE R b X 2L [N 2 0EA T
B, ORGSR . AT BEARIA TR UEA BT, AT TTRE T
Bz I BE R S

18

www.xueshuxiangzi.com



—o— Apprx Window = 128 —e— Apprx Window = 256 —e— Apprx Window =512 —e— Apprx Window = 1024

QA QUALITY QA SQuAD QA TOEFL
0.60
é § 0.6 é 0.7
: : :
E E £
£ 035 2 <06
L & 04 2
0.50 0.5
2 4 6 8 10 2 4 6 8 10 2 4 6 8 10
Compression Compression Compression
Ruler CWE Ruler NIAH Ruler VT
1.0 —— 5
0.70 0.25
5] 2 0.8 3
Q Q Q
5 065 g 5020
& 060 E ) £0.1s
5 5 0.4 5
A~ ~ & 010
0.55 :
0.2
0.05
2 4 6 8 10 2 4 6 8 10 2 4 6 8 10
Compression Compression Compression
Story Filtering Story Multi-hop Story Retrieval

Performance
(=3 j=1 =3
(=3 f=1 =3
(=) (5] s
Performance
=1 =3 =1 (=1
1= — — o
S = o 8
Performance
o o o
[ - (=2

2 4 6 8 10 2 4 6 8 10 2 4 6 8 10
Compression Compression Compression

Figure 10: 5 AME 55 (426 B ARMLE T R

PERERIb:  F bR A IO TR A P K o X T RIF TSR S ol i AR 1 O
T LR AR AR KRR . 0T R A kR S RE DB SE (BN, Yae efal (2025)
HiK) RAG PERE) , Gl 6 AT 5 HERRYE. ZEFRATH TAE R, AT 1R I3CE (QA,
RULER, Story) _bf NFHER MR ERE, X B HITPAG T30 E R fE

REBRT ORI PN G L, X SR MIS R R . Rl
W TAEC 9 REIBT TR RBE (B2 & MR R SRS Mt E ) . BN BEMIERE ST -
AT TARAEX ARG R R ook, i b B Mt Gl 4R ), A
MR N K, IR BRI NI A B

SRSk A G AT DAGE A 45 i S5 5% (Kaplan et all, 2020; Hoffmann ef all, D0272) 5%
TR KRR B A5 (Choshen ef all, P074; Ruan ef all, D024) SRUGLE . Fij—Fp 5 ¥E A
{EAEHG, 0 G — RO IR A S EE, HTRERZ B R IR SRR = S . FRATHE
%we%/gﬁ Y FT T — RS AR RS (JE4itL) . PSR EERIT 4 rd s
5256
WAL BETEEHBONENE W
o WERMEREFF AN E AER RSO (B, B, $54%) (Cooetan, DO02S) . FkAi]
KHAXELHER A, BBER T2 RELR.
o MR ALY GE A L-BFGS) it & Fa fa ) 51 2% i £ Huber 512 (Ahnar_ef all,
p07s) eS8, FA16# A L-BFGS E A Huber 25
o GBI K R ECS B4b (Franfaref all, DO73) sl pEEE P 5de o g (Crefall, D075a)
KA REM. FRAVEH A Huber #1285 Bdiie T 2w EA9 501
o LR IGIF EAATIRIE, R ESECE R (Yueefall, DO2S) (K imfE b . FRATE
SRR (BEK N, P . Egtt) A R R AT

19

www.xueshuxiangzi.com



FAMTB T3 IS5k LB E WY S B AR R — B, RN 32 SO % O Bk

C Ml hgioett: AXSUaMT

AT PR T FRAIAE ) AL AR B B AR O O T R R e AT, AhR T
WIS KSectionm ) o WATEERIEFRII/N, FFANKE, 40 AT R
NI 5 B HERRYE, FHET Qwen 2.5 B R 5 AL BAEM M HA X (H T HE T
Vertical-Slash, T4 Quest).

C1 REwEAX

SZENZ A TAER S %, Fedlje Yneetall (2025) , FATHIE T —Fd & TR K LT UE5
TR REA OB M O N 22 5
TAPIHESHERZE a € [0, 1] b, logit s = 07! (a) = log(a) — log(1l —a) , PABIE—A
FEFHRIE A AR, &G

B/ AT SEERE N 2 AN alog N o BT BRAMWE, BOARMHEIR
WAE, T o 21k,

WHIKEE AT Blog L, Jirp L2 E. hT R LR SCEF R
Mk, Bt B S,

inﬁﬁtt &1]]4%‘&%% C= FLOPSdense/FLOPSsparse 'ﬂ;y‘j aé 10g C %I)\o Hﬂ?iﬁ?%ﬂ"]ﬂ?%ﬁ (E
ZWMGITE) EE MR, Bty SR 0.

g@@%~4ﬁ%ﬁ%%&ﬁ§ﬁ&mk,%%%E%ﬁﬁﬂﬁﬁ%ﬁ%@@ﬁﬁﬁ%@ﬁ
FFo

FATOFE NI €, FORIELMERAKT
TG0 30 B i e BR300 -
s=alogN + flog L + vlog C + Stask + € )

C2 AR

A L-BFGS FRIULAHE SR (o, B, 7, {Otask }, € ) o N9 T He Xk AER oh v (e B
T EEYE, FRMIMEAH A 6 = 1 19 Huber iR R4, IEMNTEIRICHTIA, FRATUEAT 1=K
PSLAUEIZATAREATAME DT, A UHRHERR S5 — N0 (BRI, FRa K EZBURGREL) 1Y
B RAEN B RO FRATHLIPAG 79977 BRZE R, B TR SR, IF HAEMPLEAT 55 A1
AN S AE AR B A TR B — B

C3  &ijgtdEmntt (MAE)

E TR AT, AT Spearman [¥) p (k% B) FIF354a 5% (MAE) SRiPAh
FATNE AR MERE T, W2 B . 2 O T SMER (FR B8 SRy
j)%%/#l; figgﬁfﬁﬁ}f?ﬁtb) ZIASAMES T ERE (A logit 25 [AIEE4R Bk ) 5 B 8L
Ttk 8] MAE.,

BRI MAE FOR TR TN R M. BRI MR (| R?, W3EB), {HE MAE
HRE T — LR E RS-, TEIX e A& P AMES I B A B B, FEFIE e
Bl A8 LR B, ARG 2P ) MAE ARG (0.41), TIIAEARISIBL, n
JNIAH 1) MAE A5 (0.29) SR, A7 B— 94 55 SO MIERITE FTURCE A AR AL P 7
AP A — BRI IEE , FETUETE R Be MAE % 5 (14T 55 - iloor B 16 ) T AE AR RS By
BRI B MAE (G101, P9 EEAMIE R ARG R ) . IX R IISE AR 55 045 E R Y
WA URRAEAE TE IR B P N T T FUAEL S S AR IR PR AL

20

www.xueshuxiangzi.com



Table 7: TENT R [ Rl SMIERT (BR B BRAED) A 55 19 9900 760 50 5 s 38 A - 359 268 X e 22

(MAE) . BB

QA Ruler Story
QuALITY SQuAD TOEFL | CWE NIAH VT | Filtering Multi-hop Retrieval
=  Model Size 0.16 0.11 0.06 0.11 0.02 0.22 0.24 0.08 0.07
'@ Sequence Length 0.12 0.08 0.10 0.23 0.16  0.06 0.04 0.06 0.20
A Compression Ratio 0.13 0.10 0.12 0.18 024 0.10 0.02 0.05 0.41
3 Model Size 0.19 0.15 0.08 0.07 0.04 0.29 0.19 0.19 0.02
S Sequence Length 0.16 0.12 0.17 0.14  0.19 0.08 0.04 0.07 0.24
A Compression Ratio 0.10 0.10 0.08 0.12 029 0.10 0.07 0.05 0.15
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Input format:

You are provided with a task introduction, context, and a question.
{task_intro}
Below is your question. I will state it both before and after the context.

<question>
{question}
</question>

<context>
{context}
</context>

<question_repeated>
{question}
</question_repeated>

Instructions:

1. First, provide a brief explanation of your reasoning process. Explain how you identified
the relevant information from the context and how you determined your answer

2. Then, provide your final answer following this exact format:

<answer>

{answer_format}

</answer>

Your response must follow this structure exactly:
<explanation>

Your explanation here...

</explanation>

<answer>

Your answer here...

</answer>

Important:

{extra_instructions}

- Keep your explanations clear, coherent, concise, and to the point.

- Do not include any additional text, explanations, or reasoning in the answer section.
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Chapter 1:

Beneath gentle breezes, Arion ventured into Athens, curious about its secrets. Long journeys had led Arion to Athens, a step closer
to understanding. Soon enough, a tense negotiation seized everyone’s attention. Cleo appeared as if expecting Arion, engaging
them without delay. Carefully, they navigated the topic of old feuds, wary of awakening dormant animosities that still simmered.
In a calm moment, they compared notes on the traders who passed through Athens, each leaving their subtle mark. In hushed
tones, they spoke of local customs and distant rumors, sharing hints of hidden pathways. Following subtle bargaining with Cleo,
Arion claimed ownership of lavish crystal lamp. With a light gesture, Arion acknowledged Cleo once more before departing.
Nothing would be the same as Arion left Athens, thoughts turning inward. In quiet corners, ambitions simmered, waiting for a spark.

Chapter 2:

At dawn, Arion reached the gates of Hippo Regius, where merchants and travelers converged. This place might hold a clue Arion
had long sought. Hardly had Arion arrived before a violent storm stirred uneasy whispers. Thanos approached Arion, eyes bright
with opportunity. They lingered over tales of old alliances and forgotten disputes, weaving past into present. They debated the
meaning of recent events, each seeking patterns in the chaos. Their reflections turned to the interplay of supply and demand, seeing
how fortunes might turn in an instant. After reaching terms with Thanos, Arion took possession of ceremonial gold seal. Arion
turned from Thanos, ready to move on. In parting, Arion acknowledged that the journey still had far to run. Hidden corners of the
city promised knowledge or peril.

Chapter 3:

The threshold of Emerita Augusta welcomed Arion, who felt the weight of untold stories. Arion came here hoping to
learn something new, or perhaps gain an advantage. Within hours, a violent storm disrupted the familiar routines. There,
Arion encountered Niko, who seemed eager to exchange words or goods. Their words lingered on rumors of distant
lands, where fortunes or ruin awaited bold seekers. They debated the meaning of recent events, each seeking patterns in
the chaos. Their dialogue danced around subtle clues, each suggestion hinting at treasures undiscovered. The transaction
concluded with Arion acquiring delicate porcelain sword from Niko. With a light gesture, Arion acknowledged Niko once more
before departing. Eventually, Arion moved on, carrying new impressions forward. The distant hum of voices hinted at unseen deals.

Chapter 4:

Under fading daylight, Arion set foot in Berenice, eager to learn what it offered. A quiet determination brought Arion to Berenice,
ever searching for meaning. a sudden market crash cast its shadow over Berenice, changing plans and minds. Roxana approached
Arion, eyes bright with opportunity. Together, they reflected on the nature of trust and deceit, aware that fate often twists. They
compared accounts of strange visitors bearing knowledge or confusion, each arrival a new riddle in Berenice. A short exchange
revealed uncharted corners of Berenice, where knowledge or secrets might dwell. mystic bronze lamp changed hands as Arion
completed the purchase from Roxana. Arion handed over lavish crystal lamp to Roxana as the deal closed. With a light gesture,
Arion acknowledged Roxana once more before departing. As Arion prepared to depart, the path ahead remained uncertain but
compelling. Somewhere, a whisper promised answers for those who dared.

Chapter 5:

Under fading daylight, Arion set foot in Syracuse, eager to learn what it offered. In pursuit of truth, Arion looked to Syracuse
for subtle revelations. Not long after arriving, an opulent banquet shook the local order. Phaedra appeared as if expecting Arion,
engaging them without delay. Their words traced over delicate negotiations that had once sealed lasting truces in Syracuse.
Carefully, they navigated the topic of old feuds, wary of awakening dormant animosities that still simmered. They delved into the
subtle art of earning trust in a place where trust was scarce and hard-won. With measured consideration, Arion purchased engraved
emerald goblet from Phaedra, examining it closely. In quiet understanding, Arion left Phaedra, their paths diverging. In parting,
Arion acknowledged that the journey still had far to run. A subtle tension lingered, as though fate held its breath.
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Input format:

I will provide you with multiple documents and ask you a question about one specific document.
Below is your question. I will state it both before and after the context.

<question>

Question about document 39:

Who works to get workers higher compensation?
</question>

<context>
Document 1:
[...text omitted...]

Document 39:
Jobs with high demand and low supply pay more. Professional and labor organizations
can raise wages by limiting worker supply and using collective bargaining or political influence.

Document 47:
[...text omitted...]
</context>

<question_repeated>

Question about document 39:

Who works to get workers higher compensation?
</question_repeated>

Instructions:

1. Provide a brief explanation of your reasoning process.
2. Then, give your final answer in this format:

<answer>

Your answer here. ..

</answer>

Your response must follow this structure:
<explanation>

Your explanation here...

</explanation>

<answer>

Your answer here. ..

</answer>

Important:

- Do not use complete sentences in the answer.

- For dates: Include ONLY the COMPLETE date if specifically asked.

- For locations: Use the shortest unambiguous form (e.g., 'New York' not 'New York City').
- For comparisons: State ONLY the answer that matches the criteria

- Keep your explanations clear, coherent, concise, and to the point.

- Do not include any additional text, explanations, or reasoning in the answer section.

Example answer:

<explanation>

I found the relevant sentence in document 39, which states that professional and labor
organizations help increase wages using bargaining and political means.

</explanation>

<answer>

Professional and labor organizations

</answer>
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Input format:

I will provide you with a document containing multiple key-value pairs.
Your task is to extract specific values associated with given keys.

Below are your questions. I will state them both before and after the context.

<questions>

Extract the values for the following keys:
key-A, key-B, key-C, key-D

</questions>

<context>

The value for key-A is: value-A.
The value for key-X is: value-X.
The value for key-B is: value-B.
The value for key-Y is: value-Y.
The value for key-C is: value-C.
The value for key-Z is: value-Z.
The value for key-D is: value-D.
</context>

<questions_repeated>

Extract the values for the following keys:
key-A, key-B, key-C, key-D
</questions_repeated>

Instructions:

1. First, provide a brief explanation of your reasoning process. Explain how you identified
the relevant information from the context and how you determined your answer.

2. Then, provide your final answer following this exact format:

<answer>

1. The answer for <key1> is <valuel>.

2. The answer for <key2> is <value2>.

etc.

</answer>

Your response must follow this structure exactly:
<explanation>

Your explanation here...

</explanation>

<answer>

Your answer here. ..

</answer>

Important:

- Provide answers in the exact order of the requested keys

- Each answer must follow the format: "<number>. The answer for <key> is <value>.”

- Ensure exact key matches - do not modify or paraphrase the keys

- Values must match exactly as they appear in the document

- Keep your explanations clear, coherent, concise, and to the point.

- Do not include any additional text, explanations, or reasoning in the answer section.

Example answer:

<explanation>

I scanned the context for exact matches of the requested keys. For each key, I extracted
the value as stated directly after the pattern "The value for key-X is: R
</explanation>

<answer>

1. The answer for key-A is value-A.

2. The answer for key-B is value-B.

3. The answer for key-C is value-C.

4. The answer for key-D is value-D.

</answer>
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Input format:

You will be given a numbered list of words. Your task is to identify the most
frequently occurring words. You should solve this task by carefully reading
and analyzing the word list. Do not attempt to write code or use programming
tools to count frequencies. This is a test of your ability to track word
frequencies directly.

Below is your question. I will state it both before and after the context

<question>

The list contains exactly 10 words that appear 30 times each
All other words appear 3 times each

Your task is to identify the 10 words that appear 30 times each

</question>
<context>
1. alpha

2. beta

3. gamma

4. delta

5. alpha

6. epsilon

.list continues with randomized repeated words...]

N. gamma
</context>

<question_repeated>

The list contains exactly 10 words that appear 30 times each
All other words appear 3 times each

Your task is to identify the 10 words that appear 30 times each
</question_repeated>

Instructions:

1. First, provide a brief explanation of your reasoning process.
Explain how you identified the relevant information from the context
and how you determined your answer

2. Then, provide your final answer following this exact format:

<answer>

1. word_one

2. word_two

10. word_ten
</answer>

Your response must follow this structure exactly:
<explanation>

Your explanation here...

</explanation>

<answer>

Your answer here. ..

</answer>

Important:

- List exactly 10 words, one per line, numbered from 1 to 10

- Keep your explanations clear, coherent, concise, and to the point.

- Do not include any additional text, explanations, or reasoning in the answer section

Example answer:

<explanation>
I scanned the word list and tracked the frequency of each word.
The following 10 words appeared 30 times each, which I confirmed by careful counting.

</explanation>
<answer>

1. diligent

2. ash

3. pour

4. chateau

5. marble

6. laparoscope
7. grub

8. vinyl

9. mobility
10. kettledrum
</answer>
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Input format:

I will provide you with a text containing variable assignments. The text contains two types of assignments:
1. Numeric assignments that set a variable to a number (e.g., "VAR ABC = 12345")

2. Copy assignments that set a variable equal to another variable (e.g., "VAR XYZ = VAR ABC")

Variables are sequences of uppercase letters. The assignments can appear in any order in the text.

Below is your question. I will state it both before and after the context.
<question>

Which variables resolve to the value 410152 A variable resolves to 41015 if it is either directly assigned
41015, or assigned to another variable that resolves to 41015.

</question>
<context>
VAR A = VAR B
VAR B = 41015
VAR C = VAR D
VAR D = VAR B
VAR E = 12345
VAR F = VAR G
VAR G = VAR H
VAR H = VAR B
</context>

<question_repeated>

Which variables resolve to the value 410152 A variable resolves to 41015 if it is either directly assigned
41015, or assigned to another variable that resolves to 41015.

</question_repeated>

Instructions:

1. First, provide a brief explanation of your reasoning process. Explain how you identified
the relevant information from the context and how you determined your answer.

2. Then, provide your final answer following this exact format:

<answer>

VARIABLE_ONE VARIABLE_TWO etc.

</answer>

Your response must follow this structure exactly:
<explanation>

Your explanation here...

</explanation>

<answer>

Your answer here. ..

</answer>

Important:

- List ONLY the variable names that resolve to the target value.

- Variables can be listed in any order.

- Do not include "VAR" prefix in your answer. Do not include punctuation.

- Keep your explanations clear, coherent, concise, and to the point.

- Do not include any additional text, explanations, or reasoning in the answer section.

Example answer:

<explanation>

I traced each variable assignment to see if it leads to the value 41015. B is directly assigned 41015.
A, D, and H point to B. C and G point to D and H, respectively. So A B C D G H resolve to 41015.
</explanation>

<answer>

ABCDGH

</answer>

29

www.xueshuxiangzi.com



G5 WCEE#E

Input format:

You are given a narrative composed of multiple chapters. Throughout these chapters, the
protagonist travels between different locations, meets various characters, and engages
in trading activities. All items mentioned in the narrative are unique, and their
ownership can change through trades. Your task is to carefully read the narrative and
answer the questions based on the provided information.

Below are your questions. I will state them both before and after the context.

<questions>

1. In Chapter 3, which character did the protagonist interact with?
2. In Chapter 5, which specific item was acquired by the protagonist?
3. In Chapter 7, which specific location did the protagonist visit?
</questions>

<context>
Chapter 1:
[...text omitted...]

Chapter 3:
Arion entered Babylon and met Thanos. After exchanging stories, Arion acquired a silver idol.

Chapter 5:
In Berenice Troglodytica, Arion encountered Xanthe and traded for a golden vase.

Chapter 7:
Delphi welcomed Arion with quiet mystery. A meeting with Vitalis ended with a jade idol.
</context>

<questions_repeated>

1. In Chapter 3, which character did the protagonist interact with?
2. In Chapter 5, which specific item was acquired by the protagonist?
3. In Chapter 7, which specific location did the protagonist visit?
</questions_repeated>

Instructions:

1. First, provide a brief explanation of your reasoning process. Explain how you identified
the relevant information from the context and how you determined your answer.

2. Then, provide your final answer following this exact format:

<answer>

1. ANSWER_ONE

2. ANSWER_TWO

etc.

</answer>

Your response must follow this structure exactly:
<explanation>

Your explanation here...

</explanation>

<answer>

Your answer here. ..

</answer>

Important:

- For answers, use one line per answer with the number prefix

- Do not include articles like 'the' or 'a' in answers

- Answers should be specific names/items/locations mentioned in the text
- Keep your explanations clear, coherent, concise, and to the point.

- Do not include any additional text, explanations, or reasoning in the answer section.

Example answer:

<explanation>

I located Chapter 3 in the context and identified Thanos as the mentioned character.
In Chapter 5, Arion acquired a golden vase from Xanthe.

Chapter 7 stated that Arion visited Delphi, so I used that as the answer.
</explanation>

<answer>

1. Thanos

2. Golden Vase

3. Delphi

</answer>
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Input format:

You are given a narrative composed of multiple chapters. Throughout these chapters, the
protagonist travels between different locations, meets various characters, and engages
in trading activities. All items mentioned in the narrative are unique, and their
ownership can change through trades. Your task is to carefully read the narrative and
answer the questions based on the provided information.

Below is your question. I will state it both before and after the context.

<question>

Identify all chapters where the protagonist did not buy any item.
Note: There are exactly 2 chapters without any purchases.
</question>

<context>
Chapter 1:
[... Arion visits Athens and purchases a crystal lamp ...]

Chapter 2:
[... Arion travels to Hippo Regius and buys a gold seal ...]

Chapter 3:
[... Arion enters Babylon and engages in an ongoing event but do not buy anything ...]

Chapter 4:
[... Arion arrives in Pergamon and has conversations, but no purchases are mentioned ...]

Chapter 5:
[... Arion goes to Delphi and buys a jade idol ...]
</context>

<question_repeated>

Identify all chapters where the protagonist did not buy any item.
Note: There are exactly 2 chapters without any purchases.
</question_repeated>

Instructions:

1. First, provide a brief explanation of your reasoning process. Explain how you identified
the relevant information from the context and how you determined your answer.

2. Then, provide your final answer following this exact format:

<answer>

chapter_id_1, chapter_id_2,

</answer>

Your response must follow this structure exactly:
<explanation>

Your explanation here...

</explanation>

<answer>

Your answer here. ..

</answer>

Important:

- In the answer section, provide only the chapter IDs separated by commas.

- Keep your explanations clear, coherent, concise, and to the point.

- Do not include any additional text, explanations, or reasoning in the answer section.

Example answer:

<explanation>

I scanned each chapter to check whether a purchase by the protagonist was explicitly
described. In Chapter 3 and 4, no item acquisition are mentioned. Other chapters include
phrases like "Arion purchased” or "Arion acquired”, indicating a transaction.
</explanation>

<answer>

3, 4

</answer>
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Input format:

You are given a narrative composed of multiple chapters. Throughout these chapters,
the protagonist travels between different locations, meets various characters,

and engages in trading activities. All items mentioned in the narrative are unique,
and their ownership can change through trades. Your task is to carefully read the
narrative and answer the questions based on the provided information.

Below is your question. I will state it both before and after the context.

<question>
What was the last item that the protagonist acquired before acquiring timeworn amber sword?
</question>

<context>
Chapter 1:
[... narrative text omitted for brevity ...]

Chapter 17:
The transaction concluded with Arion acquiring pristine bronze seal from Damon.

Chapter 18:
After reaching terms with Marcus, Arion took possession of timeworn amber sword.
</context>

<question_repeated>
What was the last item that the protagonist acquired before acquiring timeworn amber sword?
</question_repeated>

Instructions:

1. First, provide a brief explanation of your reasoning process. Explain how you identified
the relevant information from the context and how you determined your answer.

2. Then, provide your final answer following this exact format:

<answer>

ITEM_NAME

</answer>

Your response must follow this structure exactly:
<explanation>

Your explanation here...

</explanation>

<answer>

Your answer here. ..

</answer>

Important:

- Provide only the item name in the answer section.

- Do not include articles like 'the' or 'a' in your answer.

- The item name must be exactly as mentioned in the text.

- Keep your explanations clear, coherent, concise, and to the point.

- Do not include any additional text, explanations, or reasoning in the answer section.

Example answer:

<explanation>

I located the chapter where the protagonist acquired the timeworn amber sword.
Then, I scanned earlier chapters to find the most recent prior acquisition,
which occurred in Chapter 17 with the item pristine bronze seal.
</explanation>

<answer>

pristine bronze seal

</answer>
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